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4 1
. My invention relates to half cycling protective
and indicating systems. ’

It is often desirable and in fact some time
necessary to provide an indication of half cycling
operation of a system which is intended to oper-
ate with full cycle energization and to provide
means for interrupting the operation of such a
system when it fails to supply consecutive half
cycles of alternating current to a load device.
An example of this is found in resistance welding
where the welding transformer is fed from alter-
nating current supply conductors through a cir-
cuit controlling means which during normal
operation supplies consecutive half cycles of
alternating current to the welding transformer.

In resistance welding systems one common
form of circuit controlling means comprises a
pair of reversely connected electric valve means
which when rendered alternately conducting
transmit consecutive half cycles of alternating
current to the welding transformer. If, due to
aging or breakdown from some other cause, one
of the electric valve means fails to conduet cur-
rent when excited for such conduction, half
cycles of alternating current of only one polarity
are fed to the welding transformer causing it to
saturate its magnetic circuit due to the uni-
directional character of its resulting energiza-
tion. This will result in a decrease in the im-
pedance of the load circuit and a consequential
imposition of an overload current flow in the
remaining effective electric valve means which is
supplying the half cycles of alternating current
of one polarity. Furthermore, the welding trans-
former will no longer function properly in ac-
cordance with its previous setting which was
based on full cycle energization for a predeter-
mined time and the welds produced during such
half cycling of the system will be imperfect. This
undesired operating condition may continue for
a considerable length of time before being de-
tected if overloading is not severe due to the
construction of the welding transformer or if
the demand on the system is such that the flow of
welding current may be adjusted for longer
periods of time to compensate for the half
cycling operation. Nevertheless, half cycling
operation is undesirable and an indication there-
of should be given and in most cases the system
should be shut down and the fault corrected
whenever this condition occurs.

It is an object of my invention to provide an
improved half cycling protective and indicating
system which will not only indicate half cycling
operation of the system but will also shut the
system down when such half cycling operation
oceurs,
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Further objects of my invention will become
apparent from a consideration of the embodi-
ments thereof illustrated in Figs. 1 and 2 of the
drawings. In each of the systems illustrated a
visual signal is employed to indicate half cycling
operation and a response is secured through the
operation of a relay which also gives an indica-
tion of this half cycling operation and acts to
shut the system down when such half cycling
operation occurs. In the system of Fig. 1 a single
relay is employed whereas in Fig. 2 a pair of
relays are employed so that the selective opera-
tion of the pair will indicate which of two electric
valve means employed for supplying the alter-
nating current is not conducting and thus caus-
ing the half cycling operation. Fig. 3 of the
drawings is a graphic representation of certain of
the current and voltage values existing in the
system and will be referred to in connection with
a description of the operation of the systems
shown in Figs. 1 and 2.

In accordance with my invention the flow of
half cycle current of one polarity in the load
circuit is compared with the flow of half cycle
current of the opposite polarity by simultane-
ously operating circuit controlling devices each of
which is responsive to half c¢ycles of one polarity.
These circuit controlling devices may be electric
discharge devices having their anode-cathode
circuits connected in a network in which anode-
cathode conduction or nonconduction of both of
these devices do not disturb the balance of the
network whereas conduction of but one of them
will disturb the network balance resulting in a
voltage difference of distinctive polarity between
parts of the network which may be used to oper-
ate the signal as well as the relay which responds
to half cycling conditions in the load circuit. The
simultaneous operation of the electric discharge
devices in said network is obtained by delaying
the response of one of them by a half cycle rela-
tive to the response of the other of them. Thus,
the responses to consecutive half cycles of load
current flow occur at the same time if the system
is not half cycling whereas if one of the electric
valve means fail to conduct load current only one
of these electric discharge devices will respond to
disturb the balance of the network in which they
are connected and thus secure the desired indica-
tion and control response.

Referring now to the embodiment of my inven-
tion shown in Fig. 1 of the drawings alternating
current is furnished through supply conductors
{ and 2 and a circuit controlling means 3 to the
primary 4 of a welding transformer 5. This
welding transformer is provided with a secondary

6 by means of which current is supplied through
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electrodes, indicated by arrows, to the work 7.
In this figure the load conductors comprise the
primary connections of the welding transformer
with the supply conductors through the circuit
controlling means and one of these conductors
has been identified in the drawing by the refer-
ence numeral 8. )

The circuit controlling means 38 comprises a
pair of reversely connected electric discharge de-
vices 9 and 10 each of which has an anode {1, a
mercury pool cathode {2 and a control member
13. The control member 13 is of the immersion-
ignitor type and extends into the pool of mer-
cury constituting the cathode. It is preferably
constructed of a material such as a boron carbide
or silicon carbide or a mixture of these materials

10

15

having an electrical resistivity which is high -

compared with that of the mercury pool cath-
ode into which it extends. The elements of these
electric valve means are enclosed within an
entvelope which confines the mercury vapor gen-
erated from the mercury cathodes. These elec-
tric valve means are consequently arc discharge
devices and as such have been indicated by the
dots associated therewith within their envelopes.

Each of the electric valve means 9 and 10 of
the circuit controlling means 3 is provided with
an excitation circuit 14 which when completed
causes them to conduct alternately in accordance
with their applied positive anode voltages. The
connections of these excitation circuits with the
cathodes and ignitor control members of the re-
versely connected pair of electric discharge de-
vices is such as to prevent reverse current flow
through their ignitor control member 13. Thus,
each of the ignitor control members is connected
to its associated cathode through a pair of recti-
fiers 15 and 16 which are poled for conduction of
current from the cathode to the ignitor control
member and the common terminals of each pair
of rectifiers 15 and 16 are connected together
through pairs of control contacts IT and i8.
Thus, when the supply conductor | applies a
positive polarity to the anode of the electric valve
means 9, the control cireuit for this electric valve
means is completed through rectifier 15 associated
with electric' valve means 10, contacts 18 and
171 and rectifier 16 associated with electric valve
means 9, control member 13 and cathode 12 of
this electric valve means to the other supply con-
ductor 2 through the load circuit. This will
initiate conduction of the electric valve means 8
during the half cycle when its anode voltage is
positive. In like manner during the next or nega-
tive half cycle of supply circuit voltage when the
anode voltage of electric valve means (0 is posi-
tive, this valve will become conductive due to
current flow in its exciting circuit which is from
supply conductor 2 through the load circuit con-
ductors, rectifier 15 associated with electric valve
means 9, contacts 17 and (8 and rectifier 16
associated with electric valve means 10 and con-
trol member 13 and cathode 12 of this electric
valve means to the other supply conductor {. If
desired a current limiting resistor, not shown in
the drawing, may be inserted in this excitation
circuit for these electric valve means. Conduc-
tion of the electric valve means is thus de-
pendent, upon closure of contacts 18 of a manually
operated control switch and contacts 1T which
may form part of a relay, the energization of
which opens these contacts to interrupt the flow
of load current through the electric valve means
8 and (0.

The means responsive to half cycling operation
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4
of the power system just described comprises
three electric discharge devices 19, 20 and 2{.
The arrangement is such that electric discharge
device 20 conducts in trailing response to con-
duction of electric discharge device {9 after a
half cycle delay, in response to half cycles of cur-
rent flow of one polarity in the load circuit at the
same time that electric discharge device 21 con-
ducts in response to half cycles of current flow
of the opposite polarity in the load circuit. These
two electric discharge devices 20 and 2{ are con-
nected in branches of a network 22 which is
balanced when neither or both of these electric
discharge devices conduct and which is unbal-
anced when only one of them conducts to produce
a resulting voltage in the network which actuates

‘@ visual indicator 23 and a relay 24 having one

pair (1 of its contacts in the excitation circuit
14 of the reversely connected electric valve means
9 and 10 above described. The system is made
responsive to current flow in the load circuit by
being coupled therewith through a current trans-
former 25. Each of the electric discharge devices
19, 20 and 2{ has an anode 26, a cathode 27 and
a control element 28 which are enclosed in an
envelope which may contain an jonizable gas or
vapor as indicated by the dots associated with
their cathodes.

The anode-cathode circuits of each of these
electric discharge devices 19, 20 and 2{ are con-
nected for energization across supply conductors
29, 30 and 31 so that electric discharge device {8
may conduct during half cycles of one polarity
and electric discharge devices 26 and 21 may con-
duct during half cycles of the opposite polarity.
This result is obtained by connecting the supply
conductors 29 and 3f to the end terminals and
supply conductor 30 to the mid terminal of the
secondary 32 of a transformer 33 having its pri-
mary 34 connected across the load circuit sup-
ply conductors | and 2.

The anode-cathode circuit of electric discharge
device {9 is connected across supply conductors
31 and 30 through an inductance 35 which will
cause current flow to continue through the elec-
tric discharge device 19 during the early portion
of the next half cycle following a half cycle of
its positive anode voltage during which its con-
duction was initiated. 'This will produce an
anode-cathode voltage drop across electric dis-
charge device 18 which is used as a control voltage
in the control element circuit of electric dis-
charge device 20.

The anode-cathode circuit of electric discharge

5 device 20 is connected across supply conductors

29 and 30 through a conductor 36, an impedance -
31, conductor 38, contacts 39 of relay 34 and con-
ductor 40. In like manner the anode-cathode
circuit of electric discharge device 21 is connected
across supply conductors 28 and 36 through con-
ductor 36, an impedance 41, conductor 42, con-
tacts 43 of relay 24 and conductor 40. Thus, the
circuit through impedance 37 and electric dis-
charge device 20 constitutes one branch of a
balanced circuit whose other branch includes the
impedance 4{ and electric discharge device 21.
The indicator 23 is connected across the bal-
anced circuit 22 by connecting one terminal there-
of to the common terminals of impedance 37 and
electric discharge device 26 and by connecting
the other terminal thereof to the common ter-
minals of impedance 41 and electric discharge de-~
vice 2f. Conveniently, this indicator may be a
neon tube since its electrode which is connected
to a conductor of negative polarity will glow and
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thus give an indication of the polarity existing
across the terminais thereof.

The operating winding 44 of relay 24 is con-
nected in like manner to the indicator 23 through
a rectifier bridge 45 which is provided so that cur-
rent flow through its operating winding 44 will
always be in the same direction whether it is
energized by sole conduction of one or the other
of the electric discharge devices 20 and 2! or
connected directly across the supply conductors
through its contacts 46 and the contacts 47 of a
reset push button switch which latter circuit is
completed whenever the relay picks up.

The control element circuit of eleetric dis-
charge device 19 extends from its control ele-
ment 29 through the negative s2lf-biasing circuit
48, secondary 48 of control irans-ormer 59, con-
ductor 29, the upper portion of the secondary
32 of transformer 33 and conductors 30 and 54
to its cathode 271. The voltage induced in the
secondary winding 49 of transformer 59 is a turn
on voltage which overcomes the hold off bias
voltage of the upper portion of the secondary 32
of transformer 33 which normally maintains elec-
tric discharge device {9 nonconducting.

A negative hold off bias voltage is applied to
the control element 28 of electric discha :e de-
vice 20 whenever electric discharge devi-e {8
is nonconducting, through a circuit corapl:ted
from its control element 28 through negative self-
biasing circuit 52, inductance 35, conductor 31,
the lower half of the secondary 32 of transformer
33 and conductors 30 and 40 to its cathode 21.
Wher, however, electric discharge device (9 is
conducting, the anode-cathode voltage drop
across this electric discharge device is applied as a
turn on voltage to the control element 28 cf elec-
tric discharge device 20 through a circuit extend-
ing from this control element through the nega-
tive self-biasing circuit 52, the anode-cathode eir-
cuit of electric discharge device 19 and conduc-
tors 5{ and 40 to the cathode 21 of electric dis-
charge device 20.

Control element 28 of electric discharge de-
vice 21 is connected to its cathode 271 through
a negative self-biasing circuit 53, conductor 54,
another secondary 55 of the control transformer
50, conductor 31, the lower half of the secondary
32 of transformer 33 and conductors 39 and 40
to its cathode 271. The voltage induced in the
secondary 55 of transformer 50 is a turn on volt-
age which overcomes the hold off bias voltage
of the lower portion of the secondary 32 of trans-
former 33 which normally maintains electric dis-
charge device 21 nonconducting.

The secondaries 49 and 55 of contro! tians-
former 50 provide control potentials in their re-
spective control element circuits which are re-
sponsive to positive and negative half cycles of
current flow in the load circuit 8. This result
is accomplished by energizing its primary 56 from
the secondary terminals of the current trans-
former 25 referred to above. Primary winding
56 of transformer 25 is extended by section 57
which together with the primary 56 is short cir-
cuited through an adjustable resistance 58. The
setting of this resistance 58 provides an adjust-
ment of the voltage induced in the secondaries
49 and 55 of the conirol transformer 58. These
induced voltages as pointed out above are turn
on voltages for the electric discharge devices 19
and 21 and must be greater than the negative
hold off voltage provided for these electric dis-
charge devices by the upper and lower po:tions
of the secondary 32 of transformer 33. -
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My invention as disclosed in Fig. 1 will be bet-
ter understood from the following considerations
of its operation. In Fig. 1 the initiating or con-
trol switch I8 has been shown in its open posi-
tion and relay 24 in its deenergized position.

Current is supplied to the welding transformer
§ through the electric valve means 9 and 10 from
the supply conductors | and 2 upon the closure
of control switch contacts 18 in the excitation
circuit 14 of these electric valve means. Assum-
ing that at the time contacts 18 are closed sup-
ply conductor | is at positive polarity, electric
valve means 9 will conduct due to the energiza-
tion of its control element circuit as described
above. This will supply a positive half cycle of
alternating current to the welding transformer
5. The supply of this positive half cycle of load
current energizes the control transformer 50 by
way of the current transformer 25 and induces
control voltages in the secondaries 48 and 55
connected in the control element circuits for
electric discharge devices 19 and 21. These elec-
tric discharge devices as well as the electric dis-
charge device 20 have anode voltages supplied
thereto through transformer 33 whose primary is
connected across supply conductors 1, 2. Since
it is desired to have the electric discharge de-
vices 20 and 2! conduct for substantially full
half cycles in order to provide adequate operat-
ing current to the coil 44 of relay 24, the pri-
mary connections of transformers 50 and 33 are
such as to secure response to the lagging current
flow in the load circuit which occurs during the
next half cycle of voltage following g half cycle
in which the electric valve means 9 became con-
ducting. That is, the anode voltage of electric
discharge device 19 is positive during the half
cycle immediately following the positive half
cycle of anode voltage applied to electric valve
means 9 and the polarity of the winding 49 is
such as to apply a positive turn on voltage value
to the control element 28 of the electric discharge
device {9 when the anode voltage of this device
is positive. This will result in conduction of elec-
tric discharge device {9 at the beginning of the
half cycle of voltage following the half cycle
when electric discharge device 9 became conduect-
ing.

During the negative half cycle voltage of sup-
ply conductors {, 2 which follows the positive
half cycle when electric valve means 9 became
conducting, electric valve means 10 will become
conducting since its anode voltage is then posi-
tive. The flow of this negative half cycle of
load current will induce a turn on voltage in
the winding 55 of control transformer 50 which
will render electric discharge device 21 conduct-
ing at the beginning of the next half cycle fol-
lowing the half cycle when electric discharge de-
vice |19 became conducting. At the same time
electric discharge device 20 will become conduct-
ing in ftrailing response to the conduction of
electric discharge device 19 since the anode-
cathode drop across electric discharge device 18
applied a positive turn on voltage to the control
element 28 of electric discharge device 20 due
to current flow through the electric discharge de-
vice 18 continuing over into the next half cycle
because of the inductance 35 in its circuit. Thus,
if a positive half cycle of current flow is followed
by a negative half cycle of current flow in the
load circuit 8 both the electric discharge devices
20 and 21 will be conducting at the same time
and connect both terminals of the indicator 23
and both terminals of the operating winding 44
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of relay 24 to the negative supply conductor 40
and the indicator will give no indication and the
relay will not pick up.

If, however, electric valve means 10 fail to

supply the negative half cycle of load current,
then electric discharge device 21 will fail fo con-
duct at the time electric discharge 20 becomes
conducting in response to the positive half cycle
of load current flow. Conduction of electric dis-
charge device 20 completes a circuit through im-
pedance 37 in its anode circuit so that substan-
tially the full voltage across 36 and 40 appears
across impedance 37. When this occurs the
right-hand electrode of the indicator 23 is con-
nected through impedance 41 to the positive con-
ductor 36 at the same time that the left-hand
terminal of the indicator 23 is connected through
electric discharge device 20 to the negative con-
ductor 43. This will cause the left-hand elec-
trode of the indicator 23 to glow indicating fail-
ure of the electric valve means 10 to conduct and
supply a negative half cycle of load current. If
on the other hand electric valve means 9 fails to
conduct so that only negative half cycles of load
current are supplied by the electric valve means
19, then only the electric discharge device 21 be-

comes conducting and the polarity at the termi--

nals of the indicator 23 is reversed so that its
right-hand terminal which is connected to the
negative conductor 40 glows and indicates failure
of conduction by electric vaive means 9.

When only one of the electric valve means 8
and (0 fails to conduct, relay 24 is energized in the
same manner as indicator 23. Its operating

winding 44 is connected with-the supply conduc- &

tors 36 and 49 through a bridge circuit 45. Be-
cause of this bridge circuit, current flows through
winding 44 in the same direction irrespective of
which of the electric discharge devices 20 and 21
become conducting in the absence of conduction
through the other. This pick up of the relay will
open its contact 17 in the excitation circuit 14 of
the electric valve means 9 and 10 thereby inter-
rupting the flow of half cycle current there-
through o the load circuit. At the same time
pick up of the relay will close its contacts 46
completing a holding circuit for its operating
winding 44 across conductors 36 and 40 through
a circuit including the contacts 47 of a reset
push button switch and the impedances 37 and 41.

In the illustrated arrangement, relay 24 is
also provided with contacts 39 and 43 which are
opened when the relay picks up to open the
anode-cathode circuits of electric discharge de-
vices 20 and 2i. These contacts are not needed
when the contacts 17 of this relay are used to

control the excitation circuit {4 of the electric:

valve means 9 and (0. If on the other hand
contacts 17 of relay 24 are used to control a
signal circuit for operating a horn, bell or the
like, then the provisions of contacts 43 and 39
become useful since the half cycling condition
may temporarily disappear resulting in both the
electric discharge devices 20 and 21 becoming
conducting at the same time and this would de-
energize the operating winding 44 of relay 24 by

connecting its terminals to one another through-

the anode-cathode circuits of these electric dis-
charge devices.

The operation just described has been graphi-
cally presented in Fig. 3 of the drawing wherein
the voltage of supply conductors | and 2 is in-
dicated by the sine wave E and the load current
flow by the sine wave I. The anode voltage ap-
plied to electric discharge device 19 is represented
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by the sine wave Es and the anode voltage ap-
plied to the electric discharge devices 20 and 21
has been shown as corresponding in phase and
magnitude with the voltage E of the supply con-
ductors | and 2. Conduction of electric discharge
device 18 indicated by {9’ begins at the begin-
ning of a positive half cycle of voltage Eip in re-
sponse to the current flow I which carries
over into the mnegative half .cycle of the
supply circuit voltage E applied to electric
valve means 9 and {8. The carry over of the
voltage drop across electric discharge de-
vice 19 into its next negative half cycle occurs
at a time when the anode voltages applied to
electric discharge devices 20 and 2{ are positive
and results in the conduction of electric discharge
device 20 as indicated at 20’ at the same time that
electric discharge device 21 becomes conducting
as indicated at 2{’ in response to the negative
half cycle of current flow in the load circuit car-
rying over into the next half cycle.

The arrangement shown in Fig. 2 of the draw-
ings differs from that shown in Fig. 1 by provid-
ing two relays, the selective operation of which
indicates which of the electric valve means 9 and
10 failed to conduct. Consequently, in Fig. 2 like
reference numerals have been applied to like parts
so as to eliminate redescription of the correspond-
ing parts of the two systems. :

The two relays 59 and 60 shown in Fig. 2 each
have an operating winding 6i and 62 which is
connected across the supply conductors 36 and 49
through polarizing circuits including rectifiers
63 and 64 and the normally closed contacts of
the other relay 65 and 66 depending on anode-
cathode conduction of electric discharge devices
20 and 2I. Thus, relay winding 62 is connected
from the positive conductor 36 through imped-
ance 4{, rectifier 64, contacts 65 of relay 59 and
conductors 67, 68 and the anode-cathode circuit
of electric discharge device 20 to the negative
supply conductor 40 so that when only electric
discharge device 20 of the pair 206 and 21 is con-
ducting relay 60 will be energized for pick up.
Under these conditions the winding 61 of relay
59 cannot be energized because of the blocking of
its circuit at rectifier 63 connected in circuit with
its operating winding 61. If on the other hand
only electric discharge device 21 of the pair 20
and 2{ conduct, then relay 59 will pick up due
to the energization of its operating winding 61
through g cireuit extending from positive sup-
ply conductor 36 through impedance 37, rectifier
63, contacts 66 of relay 60, conductors 69 and 10,
and the anode-cathode circuit of electric dis-
charge device 21 to the negative supply conductor
40. In this circumstance relay 69 cannot pick up
because current flow through its winding is
blocked by rectifier 64.

In order to maintain the energization of that
relay which picked up due to anode-cathode con-
duction of but one of the electric discharge de-
vices 20 and 2f each of the relays is provided with
contacts 71 and 12 which upon pick up of the re-
lay complete a circuit in shunt to that electric
discharge device whose conductivity caused the
relay to pick up. This last mentioned circuit is
completed to conductor 40 through the contacts
13 of a reset push button switch. Unless these
cireuits were provided the relays would drop out
because as pointed out below the operation of
these relays opens the excitation circuits {4 of the
electric valve means 9 and 10 thereby rendering
these valve means nonconducting with the re-
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sulf that the electric discharge devices 20 and 21
also become nonconducting.

The pick up of either of the relays 59 and 68
opens the circuit through the operating winding
of the other relay by opening its normally closed
contacts €5 or 66. This is necessary to prevent
operation of the other relay which would follow
when the voltage of the conductors 35 and 40 re-
versed during the next half cycle following the
half eycle which caused one of the relays to pick
up and complete a holding circuit through con-
tacts 7{ or 12. Thus, once one of the relays
picks up in response to half eycling of the cir-
cuit controlling means 3, it stays picked up to the
exclusion of the other relay and consequently in-
dicates that one of the electric valve means §
and 10 failed to conduct and thereby pro-
duced the half cycling operation. Thus, if elec-
tric valve means {0 fails to conduct, for reasons
given above in connection with Fig. 1, electric dis-
charge device 21 will fail to conduct at the time
electric discharge device 20 becomes conducting.
This will cause relay 60 to pick up which will then
seal itself in by closing its contacts 72 and prevent
subsequent operation of relay 59 by opening its
contacis 66. In Fig. 2 of the drawings relay 68
has been placed immediately below electric valve
means 10 to show how physical association of
the two may be used to show the operating condi-
tion of this electric valve means.

Each of the relays §9 and 60 is provided with
contacts 73 and 14 which are series connected
with one another and the contacts 18 of the
manually operable control switch in the excita-
tion circuit 14 of the electric valve means 9 and
10. 'Thus, operation of either of these relays will
act to interrupt the flow of half ecycle current to
the load device and thus interrupts half cycling
operation of the system.

In view of the above description of the manner
in which relays 59 and 60 operate, it is considered
unnecessary to describe the operation of Fig. 2 in
its entirety because of the description previously
given above for Fig. 1 which embodies like parts
with the exception of these relays and their cir-
cuits. .

It is to be noted that the system shown in Figs.
1 and 2 has a random start depending on the time
when contacts 18 of the start switch are closed.
Thus, it may occur that the electric valve means
10 is first to become conducting and this for
reasons given above will operate g relay in these
systems which will open the energizing circuit of
the electric valve means 9 and 10. This will re-
quire opening contacts 18 of the start switch and
operation of the reset push button switch 13 so
as to make a new start with the hope of having
conduction initiated through electric valve means
9. Once the system is set in operation by con-
duction of electric valve means 9 operation will
continue until half cycle operation occurs due to
failure of one of the electric valve means 9 and
10 to conduct. This operation just described is
a direct result of the simple excitation circuit
employed for electric valve means 9 and 10. It
is of course apparent that these electric valve
means may be made to conduct in leading and
trailing fashion so that conduction is always
initiated through electric valve means 9. Many
arrangements for securing this result are well-
known in the prior art and consequently have not
been illustrated by further embodiments of my
invention illustrating the same.

In the above description of the polarities of
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anode and control element voltages for electric
discharge devices 19, 20 and 21, the arrangement
referred to was one which made use of the end
period of current flow initiated in an inductive
load circuit during positive and negative half
cycles. This is to be preferred although of course
not necessary in the practice of my invention.
'I'he reason for its preferment is that the magni-
tude of load current fiow may be suitably con-
trolled by some means such as disclosed in my
Patent 2,251,237, granted July 29, 1941 and as-
signed to the assignee of this invention. If such
an arrangement is employed, the amount of cur-
rent fiow in the load circuit may be reduced by
retarding the point in the positive half cycle of
anode voltage at which current fiow is initiated
by a means such as disclosed in my above referred
to patent. Consequently, if the polarities are
such as to make use of current fiow during the
positive half cycle of anode voltage the control
may become nondependable when the current
tiow is reduced to a very low value.

It is of course apparent that many variations
and modifications may be made of my invention
without departing from its spirit and scope.
Thus, for example the leading and trailing con-
duction of electric discharge devices 9 and 20
may be secured in other manners than that dis-
closed. 1t is also apparent that the electric dis-
charge devices 20 and 21 may be variously ar-
ranged in other circuits so that conduction of
but one of them results in operation of the indi-
cator 23 or of the relays 24, 59 and 60 disclosed
in kigs. 1 and 2 with regard to a particular circuit
arrangement.

Therefore, while I have shown and described
two embodiments of my invention and suggested
certain modifications thereof, it is obvious to
those skilled in the art that other modifications
and other changes may be made without depart-
ing from my invention in its broader aspects and
I therefore aim in the appended claims to cover
all such changes and modifications that fall
within the true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United states is:

1. Apparatus for indicating the failure of half
cycles of alternating current flow in a load cir-
cuit, said apparatus comprising a pair of supply
conductors adapted for connection to an alternat-

"ing voltage of the same frequency as that used

to energize said load circuit, an indicator giving
a different indication dependent on the reversal
of the connection of its terminals with said supply
conductors, a pair of electric discharge devices
each having an anode, a cathode and a control
element and each also having a control element
circuit connected between its said cathode and
its said control element, means including the
anode-cathode circuits of said electric discharge
devices for controlling the polarity of the con-
nection of the terminals of said indicator with
said supply eonductors, means responsive to cur-
rent flow of one polarity in said load circuit for
introducing after a half cycle delay in the con-
trol element circuit of one of said electric dis-
charge devices voltages which control its anode-
cathode conductivity and responsive to current
flow of the opposite polarity in said load circuit
for introducing voltages into the control element
circuit of the other of said electric discharge
devices which controls its anode-cathode con-
ductivity at the same time as the anode-cathode
conductivity of said first electric discharge de-
vice is controlled, and conductors adapted to be
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connected to said load circuit for energizing said
last mentioned means.

" 9. Apparatus for indicating the failure of a half
cycle of alternating current flow in a load cir-
cuit, said apparatus comprising an indicator hav-
ing two terminals whose connection with the volt-
age supply indicates the polarity of the voltage
at said terminals, a pair of alternating voltage
supply conductors of opposite polarity, a pair of
impedances each of which has a pair of terminals,
a pair of circuit controlling devices, means for
connecting one terminal of each of said im-
pedances to one of said supply conductors and
the other terminal of each of said impedances in
series with a different one of said circuit control-
ling devices to the other of said supply con-~
duectors, means for connecting each terminal of
said indicator through a different one of said
impedances to one of said supply conductors and
through a different one of said circuit controlling
devices to the other of said supply conductors,
means responsive to half cycles of current flow in
said load circuit of one polarity corresponding to
the polarity of the initial half cycle of current
flow therein for rendering one of said circuit
controlling devices conducting after a half cycle

delay and responsive to half cycles of current flow

in said load circuit of the opposité polarity for
rendering the other of said circuit controlling
devices conducting at the same time that said
one of said circuit controlling devices may be-
come conducting in response to half cycles of said
one polarity, and conductors adapted to be con-
nected to said load circuit for energizing said
last mentioned means.

3. Apparatus for indicating the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus comprising an indicator
having two energizing terminals, a pair of sup-
ply conductors adapted for connection to an alter-
nating voltage of the same frequency as that used
to energize said load circuit, a pair of impedances
of like character, a pair of electric discharge de-
vices each having an anode, a cathode and a con-
trol element and each also having a control ele-
ment circuit connected between its said cathode
and its said control element, a bridge circuit hav-
ing two branches in each of which one of said
electric discharge devices is connected across said
supply conductors for the same polarity of anode
voltage as the other of said electric discharge de-
vices with its anode-cathode circuit connected in
series with a different one of said impedances
each of which is located in said branches on the
same side of said electric discharge devices,
means responsive to current flow of one polarity
in said load eircuit for introducing after a half
cycle delay voltages in the control element circuit
of said one of electric discharge device which
renders it conducting when its anode voltage is
positive, means responsive to current fiow of the
opposite polarity in said load circuit for intro-
ducing voltages in the control element circuit of
the other of said electric discharge device which
renders it conducting at the same time as said
first electric discharge device when its anode
voltage is also positive, conductors adapted to be
connected to said load circuit for energizing said
current flow responsive means, and means for
connecting each terminal of said indicator
through a different one of said impedances to one
of said supply conductors and through a differ-
ent one of said electric discharge devices to the
other of said supply conductors. )

4. Apparatus for indicating the failure of a
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half cycle of alternating current flow in a load
circuit, said apparatus comprising an indicator
having two energizing terminals, a pair of supply
conductors adapted for connection to an alter-
nating voltage of the same frequency as that used
to energize said load circuit, a pair of imped-
ances of like character, first, second and third
electric discharge devices each of which has an
anode, a cathode and a control element, means
for connecting the anode-cathode circuits of said
electric discharge devices with said supply con-
ductors so that said first electric discharge de-
vice may conduct during half cycles of one polar-
ity and said second and third electric discharge
devices may conduct during half cylcles of the
opposite polarity, the anode-cathode circuit
through said first electric discharge devices be-
ing completed through an inductance and the
anode-cathode circuits of said second and third
electric discharge devices being completed re-
spectively through a different one of said im-
pedances which are connected on corresponding
sides of said electric discharge devices, control
element circuits respectively connecting the con-
trol element and cathodes of each of said elec-
tric discharge devices, means responsive to cur-
rent flow of one polarity in said load circuit for
introducing voltages in the control element circuit
of said first electric discharge device which
renders it conducting when its anode voltage is
positive, means responsive fo current flow of the
opposite polarity in said load circuit for intro-
ducing voltages in the control element circuit of
said third electric discharge device which ren-
ders it conducting when its anode voltage is posi~
tive, means responsive to conduction of said first
electric discharge device continuing over into the
next half cycle for introducing voltages in the
control element circuit of said second electric de-
vice which renders it conducting when its anode
voltage is positive, conductors adapted to be con-
nected to said load circuit for energizing both of
said current flow responsive means, and means
for connecting each terminal of said indicator
through a different one of said impedances to one
of said supply conductors and through a difierent
one of said second and third electric discharge
devices to the other of said supply conductors.
5, In combination, alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
anode-cathode  circuits of said electric valve
means in series circuit with said supply conduc-
tors and said load conductors for transmitting
alternating current from said supply conductors
to said load conductors when said. electric valve
means are conducting, control member circuits
respectively connected between the control mem-
ber and cathode of each of said electric valve
means, means for alternately introducing control
voltages in said control member circuits to ren-
der said elecfric valve means alternately con-
ducting when their anode voltages are positive if
said electric valve means are functioning prop-
erly, and means for indicating the failure of one
of said electric valve means to conduct, said
means including a pair of electric discharge de-
vices each having an anode, a cathode and a
control element and each also having a control
element circuit connected between ifs said cath-
ode and its said control element, a pair of im-
pedances each having a pair of terminals, means
for connecting one terminal of each of said im-
pedances to one of said supply conductors and

-
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the other terminal thereof through the anode-
cathode circuit of a different one of said electric
discharge devices to the other of said supply con-
ductors, means connected to said load circuit and
responsive to the direction of current flow therein
for introducing control element voltages in said
control element circuits of said electric discharge
devices which render said electric discharge de-
vices conducting at the same time, the control
element voltages introduced in one of said con-
trol element circuits being responsive to current
flow of one polarity in said load circuit and the
‘control element voltages introduced into the
other of said control element circuits being re-
sponsive to current flow of the opposite polarity
in said load circuit, and means responsive to con-
duction of but one of said pair of electric dis-
charge devices for giving an indication of said
condition.

6. In combination, alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
‘anode-cathode circuits of said electric valve
means in series circuit with said supply condue-
“tors and said load conductors for transmitting
alternating current from said supply conductors
to said load conductors when said electriec valve
means are conducting, control member circuits
respective connected between the control mem-
ber and cathode of each of said electric valve
means, means for alternately introducing control
voltages in said control member circuits to render
said electric valve means alternately conducting
when their anode voltages are positive if said
electric valve means are functioning properly,
and means for indicating the failure of one of
said electric valve means to conduct, said means
including a pair of electric discharge devices each
having an anode, a cathode and a control ele-
ment and each also having a control element cir-
cuit connected between its said cathode and its
said control element, a pair of impedances, means
for connecting across said supply conductors two
circuits each of which includes one of said im-
pedances connected in series with the anode-
cathode circuit of a different one of said electric

" discharge devices each of which is poled in its
-own circuit in the same manner relative to said
impedance and to said supply conductors, means
-connected to said load circuit and responsive to
the direction of current flow therein for intro-
ducing control element voltages in said control
element circuits of said electric discharge de-
vices which render said electric discharge devices
- conducting at the same time, the control element
voltages introduced in one of said control element,
circuits being responsive to current flow of one
polarity in said load circuit and the control ele-
ment voltages introduced into the other of said
control element circuits being responsive to cur-
rent flow of the opposite polarity in said load cir-
_cuit, and means responsive to conduction of but
- one of said pair of electric discharge devices for
. giving an indication of said condition.

7. In combination, alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
anode-cathode circuits of said electric valve
means in series circuit with said supply conduc-
tors and said load conductors for transmitting
alternating current from said supply conductors
to said load conductors when said electrie valve

Jneans are conducting, control member circuits.
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respectively connected between the control mem-
ber and cathode of each of said electric valve
‘means, means for alternately introducing con-
trol voltages in said control member circuits to
render said electric valve means alternately con-
ducting when their anode voltages are positive
if said electric valve means are functioning prop-
erly, and means for indicating the failure of one
of said electric valve means to conduct, said
means including first, second and third electric
discharge devices each having an anode, a cath-
ode and a control element and each also having
a control element circuit connected between its
said cathode and its said control element. means
for connecting the anode-cathode circuits of said
electric discharge devices with said Supply con-
ductors so that said second and third electric
discharge devices may conduct during half cycles
of one polarity and said first electric discharge
device may conduct during half cycles of the op-
posite polarity, means responsive to alternate con-
duction of said electric valve means for introduc-
ing into the control element circuits of said first
and third electric discharge devices control volt-
ages which render said electric discharge devices
conducting alternately when their anode volt-
ages are positive, means responsive to the con-
duction of said first electric discharge device for
introducing into the control element eircuit of
said second electric discharge device a control
‘voltage which renders it conducting at the same
time as said third electric discharge device, and
means responsive to conduction of but one of said
second and third electric discharge devices for
giving-an indication of said condition.

8. In combination, alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
anode-cathode circuits of said electric valve
means in series circuit with said supply conduc-
tors and said load conductors for transmitting al-
ternating current from said supply conductors to
said load conductors when said electric valve
means are conducting, control member circuits
which when completed between the control mem-
bers and cathodes of said electric valve means
initiate alternate conduction of said electric
valve means if said electric valve means are en-
ergized and functioning properly, a pair of im-
pedances of like character, a pair of electric dis-
charge devices each having an anode, a cathode,
and a control element, a bridge circuit having two
branches in each of which one of said electric
discharge devices is connected across said supply
conductors for the same polarity of anode voltage
as the other of said electric discharge devices with
its anode-cathode circuit in series with a dif-
erent one of said impedances, excitation circuits
for said electric discharge devices connected be-
tween their said control elements and cathodes,
means responsive to current flow initiated in said
load circuit during half cycles of one polarity for
introducing into the control element circuit of
one of said electric discharge devices voltages
which render said one of said electric discharge
devices conducting during the following half
cycles of opposite polarity of said load circuit
when the anode voltages of said electric discharge
devices are positive, means responsive to current
flow initiated in said load circuit during half
cycles of the opposite polarity for introducing
into the control element circuit of the other of
said electric discharge devices voltages which
render said other of said discharge devices con-
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ducting during the same half cycles that said one
of said electric discharge devices may become
conducting in trailing response to half cycles of
current flow in said load circuit, and a polarity
indicator opposite terminals of which are con-
nected to one of said supply conductors through
the anode-cathode circuits of different ones of
said electric discharge devices in said bridge cir-
cuits and to the other of said supply conductors
through different ones of said impedances in said
bridge circuits. .

9. Apparatus responsive to the fallure of a
half cycle of alternating current fiow in a load
circuit, said apparatus comprising control con-
ductors adapted for inclusion in a control cir-
cuit the making and breaking of which operates
a circuit controlling means in said load circuit,
a relay having a controlling circuit and a con-
trolled circuit connected between said control
conductors and operated to make and break
the circuit between said control conductors in
response to the controlled energization of its said
controlling circuit, means including a pair of
circuit controlling devices for energizing said
controlling circuit of said relay in response to
unlike conductivity of said circuit controlling
devices and for deenergizing said controlling
circuit of said relay in response to like conduc-
tivity of said circuit controlling devices, means
responsive to half cycles of current flow in said
load circuit of one polarity corresponding to
the polarity of the initial half cycle of current
flow therein for changing the conductivity of
one of said circuit -controlling devices after a
half cycle delay and responsive to half cycles
of current flow in said load circuit of the op-
posite polarity for changing in the same way
the conductivity of the other of said circuit con-
trolling devices, during the half cycle when the
change in conductivity of said one of said cir-
cuit controlling devices becomes effective after
said half cycle delay period, and conductors
adapted to be connected to said load circuit for
energizing said last mentioned means.,

10. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus comprising control con-
ductors adapted for inclusion in a control cir-
cuit the making and breaking of which operates
a circuit controlling means in said load circuit,
a relay having a controlling circuit and a con-
trolled circuit connected between said control
conductors and operated to make and break
the circuit between said control conductors in
response to the controlled energization of its
said controlling circuit, a pair of voltage supply
"~ econductors of opposite polarity, a pair of imped-
ances each of which has a pair of terminals, a
pair of circuit controlling devices, means for
connecting one terminal of each of said imped-
ances to one of said supply conductors and the
other terminal of each of said impedances in
series with a different one of said circuit con-
trolling devices to the other of said supply con-
ductors, means for connecting each terminal of
said controlling circuit of said relay through a
different one of said impedances to one of said
supply conductors and through a different one
of said circuit controlling devices to the other
of said supply conductors, means responsive to
half cycles of current flow in said load circuit
of one polarity corresponding to the polarity of
the initial half cycle of current flow therein
for changing the conductivity of one of said cir-
cuit controlling devices after a half cycle delay
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and responsive to half eycles of current flow in

_said load circuit of the opposite polarity for

changing in the same way the conductivity of
the other of said circuit controlling devices, and
conductors adapted to be connected to said load
circuit for energizing said last mentioned means.

11. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus including a pair of sup-
ply conductors adapted for connection to an
alternating voltage of the same frequency as
that used to energize said load circuit, a pair of
impedances, a pair of electric discharge devices

each of which has an anode, a cathode, a con-

trol element, and a control element eircuit con-
nected between its said cathode and its said con-
trol element, a bridge having two branches each
of which is connected across said supply con-
ductors and each of which includes one of said
impedances connected in series with the anode-
cathode circuit of a different one of said electrie
discharge devices each of which is poled in the
same way relative to said supply conductors,
means responsive to half cycles of current flow
in said load circuit of one polarity corresponding
to the polarity of the initial half cycle of cur-
rent flow therein for rendering one of said elec-
tric discharge devices conducting after a half
cycle delay and responsive to half cycles of cur-
rent flow in said load circuit of the opposite
polarity for rendering the other of said electrie
discharge devices conducting at the same time
that said one of said electric discharge devices
may become conducting in response to half cycles
of said one polarity, conductors adapted to be
connected to said load circuit for energizing said

- last mentioned means, control conductors adapt-
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ed for inclusion in a control circuit the making
and breaking of which operate a circuit control-
ling device in said load circuit, a relay having
a controlling circuit and circuit controlling
means operated in response to energization of its
said controlling circuit, said cireuit controlling
means completing a eircuit through said control
conductors and the connection of the anode-
cathode circuits of said electric discharge de-
vices in said branches of said bridge, means for
connecting said controlling circuit of said relay
across said bridge for energization by an un-
balance of said bridge resulting from conduction
of but one of said electric discharge devices, and
means responsive to operation of said relay for
connecting its controlling circuit across said sup-
ply conductors and for operating its circuit con-
trolling means to open the anode-cathode cir-
cuits of said electric discharge devices and the
circuit through said control conductors.

12. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus comprising control con-
ductors adapted for inclusion in a control circuit
the making and breaking of which operate a cir-
cuit controlling means in said load circuit, a relay
having a controlling circuit and a controlled cir-
cuit connected between said control conductors
and opened in response to energization of its said
controlling circuit, a pair of voltage supply con-
ductors adapted for connection to an alternating
voltage of the same frequency as that used to en-
ergize said load circuif, a pair of impedances of
like character, first, second and third electric dis-
charge devices each of which has an anode, a
cathode and a control element, means for con-
necting the anode-cathode circuits of said elec-
tric discharge devices with said supply con-
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ductors so that said first electric discharge device
may conduct during half cycles of one polarity
and said second and third electric discharge de-
vices may conduct during half cycles of opposite
polarity, the anode-cathode circuit through said
first electric discharge device being completed
through an inductance and the anode-cathode
circuits of said second and third electric dis-
charge devices being completed respectively
through a different one of said impedances which
are connected on corresponding sides of said
electric discharge devices, control element cir-
cuits respectively connecting the control element
and cathodes of each of said electric discharge
devices, means responsive to current flow of one
polarity in said load circuit for introducing volt-
ages in the control element circuit of said first
electric discharge device which renders it con-
ducting when its anode voltage is positive, means
responsive to current flow of the opposite polarity
in said load circuit for introducing voltages in
the control element circuit of said third electric
discharge device which renders it conducting
when its anode voltage is positive, means re-
sponsive to conduction of said first electric dis-
charge device continuing over into the next half
cycle for introducing a voltage in the control
element circuit of said second electric device
which renders it conducting when its anode
voltage is positive, conductors adapted to be con-
nected to said load circuit for energizing both of
said above mentioned current flow responsive
means, and means for connecting each terminal
of said controlling circuit of said relay through a
different one of said impedances to one of said
supply conductors and through a different one of
said second and third electric discharge devices
to the other of said supply conductors.

13. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus including a relay having
contacts and means including a winding for op-
erating said contacts, control conductors con-
nected through contacts of said relay and
adapted for inclusion in a control circuit the
making and breaking of which operate a circuit
controlling means in said load circuit, a pair of
supply conductors adapted for connection to an
alternating voltage of the same frequency as
that used to energize said load circuit, a pair of
impedances of like character, a pair of electric
discharge devices each having an anode, a
cathode and a control element and each also
having a control element circuit connected be-
tween its said cathode and its said control ele-
ment, a bridge circuit having two branches in
each of which one of said electric discharge de-
vices i connected across said supply conductors
for the same polarity of anode voltage as the
other of said electric discharge devices with its
anode-cathode circuit connected in series with
normally closed contacts of said relay and a dif-
ferent one of said impedances each of which is
located in said branches on the same side of said
electric discharge devices, means connecting the
operating winding of said relay accross the
branches of said bridge circuit to points which
have substantially the same potential when both
of said electric discharge devices are conducting
" and which also have a difference of potential
sufficient to operate said relay when but one of
said electric discharge devices is conducting,
means responsive to half cycles of current flow
in said load circuit of one polarity corresponding
to the polarity of the initial half cycle of current
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flow therein for introducing into the control ele-
ment circuit of one of said electric discharge de-
vices voltages which will render it conducting
after a half cycle delay and responsive to half
cycles of current flow in said load circuit of the
opposite polarity for introducing into the control
element circuit of said other electric discharge
device voltages which will render it' conducting
at the same time said one of said electric dis-
charge devices may become conducting in re-
sponse to half cycles of said one polarity, con-
ductors adapted to be connected to said load cir-
cuit for energizing said last mentioned means,
and a circuit including a normally closed reset
switch and normally open contacts of said relay
which when closed connect said operating wind-
ing of said relay across said supply conductor
when its connection at said points in said bridge
is interrupted by the opening of its said normally
closed contacts located in said branches of said
bridge.

14. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus including a pair of relays
each of which has contacts and means including
a winding for operating said contacts, control
conductors connected through econtacts of said
relays and adapted for inclusion in control cir-
cuits the making and breaking of which operate
a cireuit controlling means in said load eircuit,
a pair of supply conductors adapted for connec-
tion to an alternating voltage of the same fre-
quency as that used to energize said load eir-
cuit, a pair of impedances of like character, a
pair of electric discharge devices each having
an anode, a cathode and a control element and
each also having a control element circuit con-
nected between its said cathode and its said con-
trol element, a bridge circuit having two
branches in each of which one of said electric
discharge devices is connected across said supply
conductors for the same polarity of anode voltage
as the other of said electric discharge devices
with its anode-cathode circuit connected in
series with a different one of said impedances
each of which is located in said branches on the
same side of said electric discharge devices,
means connecting the operating winding of each
of said relays across the branches of said bridge
circuit through normally closed contacts of the
other relay and reversely connected polarized
means to points which have substantially the
same potential when both of said electric dis-
charge devices are conducting and which also
have a difference of potential sufficient to op-
erate one of said relays depending on the po-
larity of said points when but one of said electric
discharge devices is conducting, means respon-
sive to half cycles of current flow in said load
circuit of one polarity corresponding to the
polarity of the initial half cycle of current flow
therein for introducing into the control element
circuit of one of said electric discharge devices
voltages which will render it conducting after
a half cycle delay and responsive to half cyecles
of current flow in said load circuit of the oppo-
site polarity for introducing into the control ele-
ment circuit of the other of said electric dis-
charge devices voltages which will render it con-
ducting at the same time said one of said electric
discharge devices may become conducting in re-
sponse to half cycles of said one polarity, con-
ductors adapted to be connected to said load
circuit for energizing said last mentioned means,
8 reset switch, and means including said reset
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switch and normally open contacts of that relay
whose operating winding was initially energized
by conduction of but one of said electric dis-
charge devices for completing a shunt circuit
about the anode-cathode circuit of said electric
discharge device. .

15. Apparatus responsive to the failure of a
half cycle of alternating current flow in a load
circuit, said apparatus including a pair of supply

conductors adapted for connection to an alter-

nating voltage of the same frequency as that
used: to energize said load circuit, a pair of im-
pedances, a pair. of electric discharge devices
each of which has an anode, a cathode and a
control element and each of which also has a
control element circuit connected between its
said cathode and its said control element, a
bridge having two branches each of which is
connected across said supply conductors and
each of which includes one of said impedances
connected in series with the anode-cathode cir-
cuit of a different one of said electric discharge
devices each of which is poled in the same way
relative to said supply conductors, means re-
sponsive . to half cycles of current flow in said
load circuit of one polarity corresponding to
the polarity of the initial half cycle of current
flow therein for rendering one of said electric
discharge devices conducting.after g half cycle
delay and responsive to half cycles of current
flow in said load circuit of the opposite polarity
for rendering the other of said electric discharge
devices conducting at the same time that said
one of said electric discharge devices may be~
come conducting in. response to half cycles of
said one polarity, conductors adapted to be con-
nected to said load circuit for energizing said
last mentioned means, a pair of relays each of
which is connected to'said bridge for independent
operation in response to a different unbalance
of said bridge, one of said relays being polarized
to respond to an unbalance of said bridge by
conduction of one only of said electric discharge
devices therein and the other of said relays being
polarized to respond to an unbalance of said
bridge by conduction of the other only of said
discharge devices therein, control conductors
adapted for inclusion in a control circuit the
making and breaking of which operate a circuit
controlling means in said load circuit, means re-
sponsive to the operation of either of said relays
for controlling the circuit through said control
conductors, for ovening the energizing circuit of
the other of said relays, and for completing a
holding .circuit whereby its own energization is
maintained, and resetting means connected in
said holding circuits of said relays and operable
to open said holding circuits.

16. In combination alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
anode-cathode circuits of said electric valve
means in series circuit with said supply conduc-
tors and said load conductors for transmitting
alternating current from said supply conductors
to said load conductors when said electric valve
means are conducting, control member circuits
respectively connected between said control mem-

ber and said cathode of each of said electric valve 7

means, a relay having a controlling circuit and a
controlled circuif operated in response {o the en-
ergization and the deenergization of its control-
ling cireuit, and means including the controlled
circuit of said relay for controlling the energiza-
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tion of said control member circuits of both of
said electric valve means in response to the fail-
ure of one of said electric valve means to conduct
when its anode is positive and its control element
circuit is energized for conduction, said means in-
cluding a pair of electric discharge devices each
having an anode, a cathode and a control element
and each also having a control element circuit
connected between its said cathode and its said
control element, a pair of impedances, means for
connecting across said supply conductors two cir-
cuits each of which includes one of said imped-
ances connected in series with the anode-cathode
circuit of a different one of said electric discharge
devices each of which is poled in its own circuit
in the same manner relative to said impedance
and to said supply conductors, means connected
to said load circuit and responsive to the direc-
tion of current flow therein for introducing con-
trol element voltages in said control element cir-
cuits of said electric discharge devices which con-
trol the conductivity of said electric discharge
devices at the same time, the control element
voltages introduced in one of said control- ele-
ment circuits being responsive to current flow of
one polarity in said load circuit and the control
element voltages introduced into the other of
said control element circuits being responsive to
current flow of the opposite polarity in said load
circuit, and means responsive to conduction of
but one of said pair of electric discharge devices
for controlling the energization of said control-
ling circuit of said relay.

17. In combination alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the
anode-cathode circuits of said electric valve
means in series circuit with said supply conduc-
tors and said load conductors for transmittnig
alternating current from said supply conductors
to said load conductors when said electric valve
means are conducting, control member circuits
respectively connected between the control mem-~
ber and cathode of each of said electric valve
means, a relay having a controlling circuit and
a controlled circuit operated in response to en-
ergization of its said controlling ecircuit, and
means including the controlled circuit of said
relay for deenergizing the control member cir-
cuits of both of said electric valve means in re-
sponse to the failure of one of said electric valve
means to conduct when its anode is positive and
its control element circuit is energized for con-
duction, said means including a pair of electric
discharge devices each having an anode, a cath-
ode and a control element and each also having a
control element circuit connected between its said
cathode and its said control element, a pair of
impedances each having a pair of terminals,
means for connecting one terminal of each of
said impedances to one of said supply conductors
and the other terminal thereof through the
anode-cathcde circuit of a different one of said
electric discharge devices to the other of said
supply conductors, means connected to said load
circuit and responsive to the direction of current
flow therein for introducing control element volt-
ages in said control element circuits of said elec-
tric discharge devices which render said electric
discharge devices conducting at the same time,
the control element voltages introduced in one
of said control element circuits being responsive
to current flow of one polarity in said load cir-
cuit and the control element voltages introduced
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into the other of said control element circuits
being responsive to current flow of the opposite
polarity in said load circuit, and means respon-
sive to conduction of but one of said pair of elec-
tric discharge devices for energizing said control-
ling circuit of said relay. . C

18. In combination alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
member, means for reversely connecting the an-
ode-cathode circuits of said electric valve means
In series circuit with said supply conductors and
said load conductors for transmitting alternating
current from said supply conductors to said load
conductors when said electric valve means are
conducting, control member circuits respectively
connected between said control member and said
cathode of each of sald electric valve means, a
relay having a controlling circuit and a controlled
circuit orerated in response to energization of its
controlling circuit, and means including the con-
trolled circuit of said relay for deenergizing the
control member circuits of both of said electric
valve means in response to the failure of one of
said electric valve means to conduct when its
anode is positive and its control element circuit
is energized for conduction, said means includ-
ing first, second, and third electric discharge de-

10

vices each having an anode, a cathode and a con- -

trol element and each also having a control ele-
ment circuit connected between its said cathode
and its said control element, means for connect-
ing the anode-cathode circuits of said electric
discharge devices with said supply conductors so
that said second and third electric discharge de-
vices may conduct during half cycles of one po-
larity and said first electric discharge device may
conduct during half cycles of the opposite polar-
ity, means responsive to alternate conduction of
said electric valve means for introducing into the
control element circuits of said first and third
electric discharge devices control voltages which
render said electric discharge devices canducting
alternately when their anode voltages are posi-
tive, means responsive to the conduction of sald
first electric discharge device for introducing into
the control element circuit of said second electric
discharge device a control voltage which renders
it conducting at the same time as said third elec-
tric discharge device, and means responsive to
conduction of but one of said second and third
electric discharge devices for controlling the ener~
gization of said controlling circuit of said relay.

19. In combination alternating current supply
conductors, load conductors, electric valve means
each having an anode, a cathode and a control
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member, means for reversely connecting the an- -

ode-cathode circuits of said electric valve means
in series circuit with said supply conductors and
said load conductors for transmitting alternating
current from said supply conductors to said load
conductors when said electric valve means are
conducting, a pair of relays each of which has
- -contacts and means including a winding for op-
erating said contacts, control member circuits
" respectively connected between the said control
members and sald cathodes of each of said elec-
tric valve means through contacts of each of said
relays connected in serles with one another,
means for aliernately introducing control volt-
ages in seld control member circuits to render
sald electric valve means alternately conducting
when their anode voltages are positive if said
electric valve means are functioning properly, a
palr of impedances of like character, first, sec-
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ond and third electric discharge devices each
having an anode, a cathode and a control ele-
ment and each also having a control element cir-
cuit connected between its said cathode and its
said control element, means for connecting the
anode-cathode circuits of said ¢€lectric discharge
devices with said supply conductors so that said
first electric discharge device may conduct during
half cycles of one polarity and said second and
third electric discharge devices may conduct dur-
ing half cycles of the opposite polarity, means for
introducing into the control element circuit of
said second electric discharge device when its an-
ode voltage is positive control voltages which ren-
der said second electric discharge device con-
ducting in trailing response to conduction of said
first electric discharge device quring the preced-
ing half cycle when its anode voltage was posi-
tive, a bridge circuit having two branches in each
of which one of said second and third electric dis-

‘charge devices is connected across said supply

conductors for the same polarity of anode voltage
as the other of said electric discharge devices
with its anode-cathode circuit connected in series
with a different one of said impedances each of
which is located in sald branches on the same
side of said electric discharge devices, means con-
necting the operating winding of each of said re-
lays across the branches of said bridge ecircuit
through normally closed contacts of the other
relay and reversely connected polarized means
to points which have substantially the same po-
tential when both of said electric discharge de-
vices are conducting and which also have a dif-
ference of potential sufficient to operate either
one of said relays depending on the polarity of
said points when but one of said electric dis-
charge devices is conducting, means connected
with said load circuit and responsive to half
cycles of current flow in said load circuit of one
polarity corresponding to the polarity of the ini-
tial half cycle of current flow therein for intro-
ducing into the control element circuit of said
first electric discharge device voltages which will
render it conducting when its anode voltage is
positive and responsive to half cycles of current
flow in said load circuit of the opposite polarity
for introducing into the control element circuit
of sald third electric discharge device voltages
which will render it conducting when its anode
voltage Is positive and at the same time said sec-
ond electric discharge device may become con-
ducting in trailing response to conduction of said
first electric discharge device, s reset switch, and
means including said reset switch and normally
open contacts of that relay whose operating
winding was energized by conduction of but one
of sald second and third electric discharge de-
vices for completing a shunt eircult about the
anode-cathode circult of said one of said elec-
tric discharge devices.

MAURICE E. BIVENS.
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